Introduction
Adrenal masses are among the most prevalent of all human tumors, accounting for approximately 3% in middle age and increasing to as much as 10% in the elderly [1] [2] [3] [4] . A proportion of patients require surgical treatment due to hormonal activity or suspicion of malignancy of adrenal mass [5] . Minimally invasive techniques have now been widely introduced in surgery, since 1992 also for treatment of adrenal tumors [6] [7] [8] . Laparoscopic adrenalectomy has become the gold standard of surgical treatment for benign adrenal masses. er hospital stay, reduced postoperative pain, lower perioperative morbidity, especially lower infection rate, and faster recovery [9, 10] . Even though the first to have been described and still the most commonly used is lateral transperitoneal approach (LTA), its main alternative, posterior retroperitoneal approach (PRA), has been reported to be equally safe and effective [11] [12] [13] [14] . The choice of the approach to adrenalectomy usually depends on the surgeon's experience, tumor size and anatomical location [15] . Increasing numbers of studies, systematic reviews and meta-analyses have identified the superiority of PRA over LTA in terms of shorter operative time, less postoperative pain, shorter hospital stay, lower morbidity and faster return to normal activity [16] [17] [18] . In the previous study we also reported apparent advantages of PRA over LTA, although this was a retrospective analysis and the groups were not matched [19] .
The main objections to the randomized studies comparing LTA and PRA are selection bias, small number of patients, and bias related to differences in surgeons' experiences with the two methods of approach to endoscopic adrenalectomy [17] . Indeed, among the randomized studies, Fernandez-Cruz et al. [20] compared 10 to 11 operations, Mohammadi-Fallah et al. [21] compared 11 to 13 operations, and Rubinstein et al. [22] compared 25 to 32 patients, but he used the lateral retroperitoneal approach (currently almost abandoned), and not the posterior retroperitoneal approach. The best study so far compared 32 to 33 patients, but the exclusion criteria were rather extensive and comprised tumors > 7 cm, diffuse peritonitis or major abdominal surgery in history, obesity > 40 kg/m 2 , age > 80 years and American Society of Anesthesiologists (ASA) stage IV [18] .
Aim
The aim of this study was to compare prospectively clinical results of laparoscopic adrenalectomy randomized to either LTA or PRA. We opted for a study design with exclusions limited to the absolute minimum to keep the patients' flow as unbiased as possible.
Material and methods

Trial design
Between February 2015 and June 2018 all patients with adrenal tumors requiring adrenalectomy were prospectively assessed for eligibility in this study ( Figure 1 ). The study was approved by the institutional ethical board.
The inclusion criterion was size of the adrenal tumor for planned unilateral adrenalectomy up to 8 cm. Exclusion criteria were: tumors > 8 cm, imaging features suggesting primary invasive malignant tumors and refusal of the patient to undergo randomization. The eligible patients were randomly assigned to undergo either LTA or PRA. To avoid any disturbance of free randomization, we did not use the computer option to balance the number of patients in the two groups. The sample size was calculated on the basis of the assumption that a 20% reduction in studied parameters should be clinically relevant.
Perioperative workup
In every case the adrenal tumor was evaluated using spiral computed tomography with contrast. Hormonal function assessment comprised urinary methoxycatecholamines, diurnal cortisol, adrenocorticotropic hormone (ACTH), dehydroepiandrosterone (DHEA), dexamethasone suppression test, serum aldosterone and renin activity, as well as ionogram. Positron emission tomography (PET) with 18-fluorodeoxyglucose (FDG) was used upon suspicion of metastatic adrenal gland tumors, to ascertain the clinical suspicion and to rule out dissemination of the disease. Only patients with a single focus in an adrenal gland were eligible for adrenalectomy. So were the patients with hormonally active tumors. Non-functioning tumors > 4 cm were also enrolled in the study due to substantial risk of malignancy in larger tumors.
In the case of pheochromocytoma pharmacological preparation before the surgery consisted of α-adrenergic blockade 10-14 days before the surgery to avoid perioperative complications such as pheochromocytoma paroxysm. Moreover, after α-adrenergic blockade, β-adrenergic blockade was performed for at least 2 days prior to surgery. Patients with primary hyperaldosteronism were prepared with potassium-sparing diuretics. Electrolyte solutions were also used preoperatively. All patients were admitted a day before surgery and low molecular weight heparin (enoxaparin 40 mg) was injected subcutaneously 12 h preoperatively. A single dose of antibiotic (1000 mg cefazolin) was administered intravenously within 30 min before operations.
Patients with Cushing syndrome postoperatively received hydrocortisone in gradually diminishing doses according to serum cortisol concentrations and clinical assessment.
All patients gave their informed consent to participate in the study. All procedures were designed, conducted, and reported in compliance with the Declaration of Helsinki and were approved by the Ethics Committee of our institution (permission R-I-002/66/2015), functioning according to the Guidelines for Good Clinical Practice.
Interventions
Unilateral total adrenalectomy was performed in all patients in this study. All the procedures were performed by one surgeon with 10 years of experience in laparoscopic adrenalectomies by the LTA and PRA approach.
Endoscopic adrenalectomies were performed as described by Barczyński et al. [18] . For LTA the patient was placed on the operating table in a lateral decubitus position on the side contralateral to the tumor, with moderate inclination at the level of the lower ribs (Photo 1). Pneumoperitoneum was created using a Veress needle for left adrenalectomy or the Hasson technique for right adrenalectomy and the pressure of CO 2 was set at 12 mm Hg. The first, 10 mm trocar was inserted 2 cm below the rib arch in the anterior axillary line. Another 10 mm trocar and a 5 mm trocar were placed under the ribs at least 5 cm from the first one. In selected left-sided adrenalectomies and in all right-sided adrenalectomies an additional fourth trocar was used for retraction. The inspection of the peritoneal space was carried out using a 30° laparoscope. After freeing adhesions, the spleen and splenic flexure of the colon or the liver were mobilized depending on the operated side. The left renal vein or inferior vena cava was identified. The main Photo 1. Patient positioning for left adrenalectomy using laparoscopic transperitoneal approach (photo by P. Mysliwiec) adrenal vein was ligated using a bipolar dissecting instrument and so were remaining vessels. In rare cases of vessels exceeding 7 mm, polymer clips were used. When totally resected, the adrenal gland with surrounding fat was placed in an extraction bag and morcellated, once the edges of the bag were at least 2 cm outside. The operative field was controlled and any visible blood was aspirated. The area was flushed with warm 0.9% saline solution and aspirated. Wounds 10 mm or larger were sutured with a laparoscopic port site closure device. Skin sutures were applied.
For PRA the patient was placed in a prone position on a frame-shaped foam pad with lower limbs bent in the hip and knee joints (Photo 2). The procedure began with a skin incision at the tip of the 12 th rib and blunt penetration of the retroperitoneal space. Three trocars with diameters of 5, 10 and 12 mm were introduced into the retroperitoneal space. CO 2 was insufflated to reach the pressure of 25 mm Hg. Similarly to LTA, PRA was carried out using a 30° laparoscope. After penetrating Gerota's fascia, the upper pole of the kidney was identified. Further steps were similar to LTA.
In all patients, the skin and subfascial space were instilled with 10 ml of 0.5% bupivacaine solution prior to skin incisions -for postoperative analgesia. No drains were used.
Outcomes and follow-up
We assessed the duration of the operative procedure from skin incision to skin suturing, conversion rate, intraoperative blood loss, postoperative pain intensity, duration and need for analgesics, length of hospital stay and postoperative morbidity. We analyzed age and gender of the patients, body mass, height, body mass index (BMI), hormonal, clinical and pathological diagnosis, operative time, intensity and duration of postoperative pain, intraoperative blood loss, length of hospital stay and complications. The pain was assessed in the morning of the first postoperative day using a visual analog scale (VAS) ranging from 0 for no pain, to 10 for maximal pain.
The patients were followed up postoperatively in the Outpatients' Department after 10, 30 days and at the end of the follow-up period. The patients were checked for pain intensity, need for analgesia, wound-related and overall complications.
Statistical analysis
Statistica 13 for Windows (StatSoft, Krakow, Poland) software was used. Distribution of data was checked with the Shapiro-Wilk test. Kruskal-Wallis ANOVA was used for comparing multiple independent groups and the Mann-Whitney test for comparing two independent samples. For dependent variables, the Wilcoxon test was used. Correlations were assessed using the Spearman test. For selected calculations comparing prevalence of analyzed features, the c 2 test was used. The value of p < 0.05 was considered significant.
Results
After the exclusion of 18 patients from the 95 assessed for eligibility, the study group consisted of 77 patients with adrenal tumors: 33 were randomized to LTA and 44 to PRA (Figure 1 ). There were no significant differences between the two groups in terms of age, gender distribution, tumor size, location, hormonal or pathological diagnosis (Table I) .
Even though operative time tended to be shorter for PRA as compared to LTA, the difference did not reach statistical significance (Table II, Figure 2 A ). There was a trend for longer operative time in patients with metastases, pheochromocytoma and Cushing syndrome, as compared to Conn syndrome or incidentaloma (Figure 2 B) . Blood loss was measurable only in a minority of the studied patients, with the mean of 20.6 ±15 ml for LTA and 7 ±5 ml (Table II) After PRA patients reported less postoperative pain assessed at day 1, as compared to LTA (p < 0.05) (Table II, Figure 3 A) . The subset of patients with predominant shoulder pain was 30.3% in LTA group (n = 10) and only 1 patient in the PRA group (2.3%) (p < 0.05).
After division of the patients into subgroups for left or right-sided LTA and left or right-sided PRA, the group of subjects after right-sided LTA had 1.5 times more pain than right-sided PRA (p < 0.01) and the left-sided PRA had 30% more pain than right-sided PRA (p < 0.05) (Figure 3 B) . When analyzing further the postoperative period, we found that after discharge 60.6% of patients after LTA and 63.8% after PRA needed no medication for pain (difference not significant) (Figure 4) .
Postoperative hospital stay was significantly longer (+19.3%) after LTA as compared to PRA (p < 0.05) (Table II, Figure 5 A) . After subgroup analysis into left-and right-sided operations, the patients after left-sided LTA had the longest hospital stay, which was significantly longer (+24.3%) than after left-sided PRA (p < 0.05) (Figure 5 B) .
Postoperative follow-up was similar in both LTA and PRA groups and averaged 28 months. The only type of 30-day morbidity observed in this study was postoperative pain lasting longer than 7 days, present in 4 patients from each group (Table II) and classified as grade I Complication, according to Dindo et al. [23] . One patient with class II obesity in the PRA group suffered from recurrence of previous low back pain, due to degenerative spine disease. In all other patients maximal pain duration was one month.
One 57-year-old patient required angioplasty with 4 stents due to unstable coronary disease 3 months after LTA. There was one death due to myocardial infarction 2 years after LTA, performed in an 82-yearold woman with cortical adenoma 7.2 × 6 cm. Three patients required long-term hydrocortisone supplementation (2 operated on for Cushing syndrome: 43 months after LTA and 20 months after PRA; and 1 operated on for Conn syndrome -44 months after LTA).
Discussion
To our knowledge this is the largest published prospective randomized study comparing LTA and PRA laparoscopic adrenalectomies, performed by one surgeon with comparable experience in both methods of adrenalectomy, well beyond the learning curve. The study has larger inclusion criteria than any other before, comprising morbidly obese patients (the highest BMI was 43.3 kg/m 2 ), tumors up to 8 cm in diameter, and metastatic tumors. The completeness of follow-up was 98.7%, with only one patient lost to follow-up (1.3%). The present study showed that both approaches to endoscopic adrenalectomy are equally safe end effective. There were no conversions and perioperative morbidity included only pain requiring oral analgesics longer than 7 days (12.1% in LTA and 9.3% in PRA group) (Figure 4 ). There was no clear correlation between the duration of adrenalectomy and the size of the tumor, even though operative time tended to be longer for tumor metastases, pheochromocytoma and Cushing syndrome (Figures 2 A, B) . In 2 patients with PRA with the longest operative times (140 and 125 min) we encountered indurated perirenal fat, making dissection extremely difficult. Another reason why we did not find a difference in time of surgery between LTA and PRA groups could be inclusion of patients with morbid obesity and metastases to the adrenal gland. Even though it might seem controversial whether metastases should be operated on using minimally invasive methods, sufficient evidence exists to demonstrate safety and efficacy of such procedures [24, 25] .
In the present study we observed significantly less pain at day 1 after PRA as compared to LTA (p < 0.05) (Table II, Figure 3 A ). This finding is consistent with previous studies [16, 18, 26] . At least in part this can be explained by irritation of the diaphragm by pneumoperitoneum. Interestingly, the least painful was the postoperative period after right-sided PRA, with a significant difference as compared to left-sided PRA (Figure 3 B) . The right retroperitoneal space is separated from the left retroperitoneal space by the spine, paravertebral muscles and large abdominal vessels. Several factors have been implicated in pain sensation [27] . Pain intensity may be regulated by sphingosine-1-phosphate [28, 29] . Also interleukin-6 is emerging as a new factor responsible for pain sensation [30, 31] . The prevalence of pain was reported to be associated with obesity, which might be due to metabolic disturbances [32] [33] [34] .
Hospital stay has frequently been addressed in studies comparing LTA to PRA with shorter values for the latter group [16, 18, 26] . These observations are in line with our study's results. Interestingly, hospi- 
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Mean ± SEM Mean ± SD * * tal stay was the shortest after left-sided PRA (Figure 5 B) . Possible the compression of the inferior vena cava during insufflation of CO 2 under pressure of 25 mm Hg may decrease blood flow towards the heart, which might potentially lead to temporary hemodynamic or renal dysfunction with a possible impact on hospital stay. In this study we demonstrated that both LTA and PRA can be performed with very low morbidity. Barczyński et al. [18] described wound-related complications in 7 (22%) patients after LTA: 4 hernias, 1 dehiscence requiring surgical treatment and 1 wound infection. We did not observe any wound-related complications. This might be due to shorter follow up (8-47 months), but also to two maneuvers we systematically perform. One is fragmentation of the specimen after it has been placed in the extraction bag with edges well outside. The second is closure of all trocar sites 10 mm or larger using a laparoscopic port closure device.
An intriguing, although potentially accidental observation is ischemic heart disease in 2 patients after adrenalectomy. Whether this might be related to a possible adrenal insufficiency remains to be established. Three of our patients (20, 43 and 44 months after total unilateral adrenalectomy) required hydrocortisone supplementation. This might suggest that all subjects who underwent adrenalectomy should have their cortisol checked postoperatively.
Even though PRA is our preferred technique nowadays, we acknowledge that it is not suitable for tumors larger than 8 cm and it may be more difficult to learn than LTA due to the limited retroperitoneal space and different anatomical landmarks.
Our study has several limitations. The study was not blinded. Both patients and hospital staff were aware what type of operation had been performed (we found it impossible to blind the operative approach for longer than a few days). The groups were not equal in size (33 vs. 44 patients) -we knowingly decided to randomize all the patients with no respect to obtained sizes of the groups. Finally the follow-up was intermediate-term (on average 28 months in both groups), and not long-term.
Conclusions
The present study comparing LTA and PRA laparoscopic adrenalectomies confirmed the safety, efficacy and very low morbidity of both techniques. The PRA proved superior to LTA in terms of lower intensity of postoperative pain and shorter hospital stay.
